Abstract -The problems of reconstructing historical relationships for areas of endemism from distributional data for groups of taxa and the cladistic relationships among the members of those groups can be solved by applying the two principles of parsimony and mutual inclusion or exclusion (compatibility) 
Introduction
At present two types of analysis with different purposes and different lines of reason- ing can be recognized in historical biogeographic reseach. The first type aims at reconstructing the historical development of biota ('cladistic biogeography'). For this purpose, the delimitationof ares of endemism is a starting-point (Humphries and Parenti 1986: 1) . The main problems concern the manipulation of wide-spread species and the absence of groups from one or more areas under consideration. The methods of Rosen (1976) and Platnick (1978, 1981) belong here. The second type concerns the search for data for constructing evolutionary scenarios of particular groups under study (e.g. 'vicariance biogeography'). Here, emphasis is put on vicariance patterns as a framework for postulating speciation models. An essential element is the search for geographic separation between sister taxa (Wiley and Mayden 1985; 598-600) . In this case the main problem is coping with overlapping ranges. Wiley's 'ancestral species map' method belongs to this category, as also his parsimony method outlined recently (Wiley, in press ).
To date, the general treatments of cladistic biogeography (Nelson and Platnick 1981, (Beckner, 1959; Sharrock and Felsenstein, 1975; Farris, 1978) . When a cladon is defined in terms of unique character states only then is it called a partial monothetic set.
When it is defined in terms of a unique combination of character states, none of which need be unique, but some may be so, then it is called a strict monothetic set (Zandee, 1984) .
Charater state distributions defining the same cladon represent a character type (sensu Nelson and Platnick 1981 These inclusion and exclusion relations can be represented by a graph (network). In the case when all clada in a set are mutually compatible, the set is a clique. In the graph representing the relations, the sets in the clique are all mutually connected. Clique as used here in its original unambiguous meaning is a concept from graph theory, and stands for a maximal complete subgraph (Garey and Johnson 1979) . This concept, and other elements from graph theory, are used in the implementation of the method in computer algorithms.
CLADOGRAMS
The largest cliques are transcribed into cladograms. This is followed by interpreting and evaluating their implications in terms of the character states in the data matrix and choosing one or a few of them. For this purpose two criteria are used in association.
The first (quantitative) (Zandee, 1984) . (Farris, 1970 (Fig. 3 .e).
Taking Assumption 1 (Nelson and Platnick, 1981) for granted, this example can be analysed using the method outlined in the previous paragraph. Area-cladogram 1 (Fig. 3a) yields the components given in (Fig. 3b) generates the components given in Table 2 .
Taken together, (Table 7) .
General area-cladograms 1 and 2 ( Fig. 4d and 4e ) are alike with regard to support minus contradition. General area-cladogram 3 is second best (Fig. 4f) . These three Fig. 3 Components derived from Fig. 3a under Assumption 1. 
EXAMPLES UNDER ASSUMPTION 2
The next example (Fig. 5) , determined under Assumption 2 is also taken from Humphries (1982: Fig. 14.i-iii) . For each of the given area-cladograms (Fig. 5a-c Components derived from Fig. 3a , b under Assumption 1. Cliques from the components derived from area-cladograms in Fig. 3a Humphries (1982) for the same data and assumption, (h). general area-cladogram presented by Humphries and Parenti (1986) for the same data and assumption. Table 6 Components derived from The theoretical and empirical implications of Assumption 0, in terms of the complexity Cliques from the components derived from area-cladograms given in Fig. 4a -c. Table 8 List of components derived from area-cladograms given in Fig. 5a -c. Table 9 Components derived from Fig. 5a-c Rosen, 1976) because it is assumed to be of hybrid origin (Wiley 1981) . Cliques based on the components derived from the area cladograms in Fig. 5a -c. The distribution over areas is coded as a binary matrix in Table 14 (for species names see Table 11 ).
The phylogeny of Heterandria as given by Rosen (1975: Fig. 6a ), shows 8 terminal taxa and 7 (internal) clada, and is also coded in binary form (Table 12) . From these two binary matrices a data matrix is derived, giving distribution over areas for each cladon in the cladogram (Table 16a ). The data matrix represents the boolean product of the matrices in Tables 12 and 14 . It is compiled from combining distributions over areas (Table 14) for all terminal taxa indicated in each column of Table 12 .
From this data matrix, 19 partial monothetic sets (components) can be extracted (Table   17) . A search for the largest set of mutual compatible components reveals one maximal clique and one completely resolved area-cladogram (Fig. 7d) Wiley, 1981) .
The phylogeny of Xiphophorus as given by Rosen (1976: Fig. 6b ), shows 9 terminal taxa and 8 clada, and is represented in binary form in Table 13 . The distribution over areas for the species of Xiphophorus is given in Table 15 (for species names see Table 11 ). The combinationof these two matrices gives another matrix indicating the distribution over (1976, 1978) . (Table 18 ). Binary matrix for Heterandria cladogram (Fig. 6a) . Table  13 .
Binary matrix for Xiphophorus cladogram (Fig. 6b) . Table 14 .
Distributions of Heterandria species (after Rosen, 1976; but excluding area 11. As with Heterandria, the analysis results in one, partially resolved area-cladogram (Fig.   7b ). It differs in several respects from that of Heterandria, in the positions of areas 3, 6, and 9. Furthermore, area 7 appears at the root becasue Xiphophorus is absent from this area.
This area-cladogram is basically similar to those presented by previous authors (e.g. Wiley, 1981) .
When the two data matrices are combined (Tables 16a and b) and analyzed together, 26 components can be defined (Table 19) . From these components, three cliques ofmaximum size were found (the general area-cladograms in Fig. 8 As a consequence, the respective data matrices need not be reduced but joined directly. We meet a different situation when analysing under Assumption 1 or 2.
The general area-cladogram in Fig. 8a is identical to the area-cladogram for Heterandria ( Fig. 6a) , whereas the general area-cladogram in Fig. 8b is almost similar to the Xiphophorus area-cladogram (Fig. 6b) Distributions of Xiphophorus species (after Rosen, 1976 Rosen, , 1978 Choosing Fig. 8c (also Fig. 8a) Choosing the general area-cladogram in Fig. 8b implies that the Xiphophorus phylogeny can be explained by assuming a sequence of vicariance events in which species in areas 3, 4, 5, 7, 8, 10 12(H) 2, 4, 5, 6, 8, 9, 10 14 (X) 2, 3, 4, 5, 6, 8, 9, 10 15 (X) 2, 3, 4, 5, 7, 8, 9, 10 13(H) 2, 3, 4, 5, 6, 8, 9, 10 16, 17 (X) 2, 3, 4, 5, 7, 8, 9, 10 14(H) 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 15 ( (Table 16a ) plus those given in Table 20a . The columns in Table 20a are derived from those in Table 16a (Fig. 9) . Figure 9d Fig. 9a .
In Xiphophorus the data matrix comprises the same columns given under Assumption 0 (Table 16b) , together with those in Table 20b . The newly incorporated columns all define new partial monothetic sets (components) derived under Assumption 1 (Table 22 , (Fig. 10) . By ignoring those cliques in which area 4 and 5 are separated (as for Heterandria), we end up with 9 area-cladograms when evaluated on the complete data matrix and one on the Assumption 0 data matrix (see Fig. 8b ).
The analysis of Heterandria and Xiphophorus together comprises a data matrix based on Tables 16a, b and 20a, b. The complete range of components are given in Table 23 . (Fig. 11a, b) . The first is identical with Fig.   8b i.e. one of general area-cladograms derived from Assumption 0 but the other differs from the first in that it shows areas 9 and 10 branching sequentially. Under Assumption 2, the data matrices for Helerandria and Xiphophorus (Table 16) are extended with columns added for wide-spread taxa and missing areas. These data matrices are far too large to be shown here in their entirety but we will briefly describe how they might be compiled. For a wide-spread taxon we first take the corresponding column from the data matrix derived under Assumption 0 (e.g. the species column 6 in Table 16b for the wide-spread Xiphophorus species in area 6). Then we extract all its possible subsets of areas (Table 20b , columns 1-6) and combine these with the distributions of all other clada (Table 16b ) to obtain the columns for Assumption 2. This procedure is repeated for all wide-spread taxa in both genera. For missing areas (e.g. area 7 in Table   15 for Xiphophorus) we extract all possible subsets (here only the area itself) and combine these with the distributions of all other clada (Table 16b ). Fig.   10 . Evaluation against the data matrix used for Assumption 0 revealed 3 of the best cladograms, corresponding with those in Fig. 10 . By ignoring those without areas 4 and
